Purpose: The grey-bluish discoloration of gingiva (known as "amalgam tattoo") does not appear only in the presence of amalgam restorations. It may also be seen in cases of teeth restored with cast dowels and porcelain-fused-to-metal (PFM) restorations. The aim of this article was to determine the clinical characteristics of abutment teeth with gingival discoloration. Materials and Methods: This research was conducted on 25 patients referred for cast dowel and PFM restorations. These restorations were manufactured from Ni-Cr alloys. Ninety days after cementing the fixed prosthodontic restorations, the abutment teeth (n = 61) were divided into a group with gingival discoloration (GD) (n = 25) and without gingival discoloration (NGD) (n = 36). The control group (CG) comprised the contralateral teeth (n = 61). Plaque index, gingival index, clinical attachment level, and probing depth were assessed before fabrication and also 90 days after cementation of the PFM restorations. Results: The gingival index, clinical attachment level, and probing depths of the abutment teeth that had GD were statistically higher before restoration, in comparison with the abutment teeth in the NGD and control groups. Ninety days after cementation, the abutment teeth with GD had significantly lower gingival indexes and probing depths, compared to the abutment teeth in the NGD group. Both abutment teeth groups (GD and NGD) had significantly higher values of clinical attachment levels when compared to the control group. There were no statistically significant differences in plaque index values between the study groups.
The grey-bluish staining of the gingiva, which develops due to the presence of metal particles in the tissue, is often referred to as the "amalgam tattoo" in the literature. 1 This alteration of gingival esthetics is present in many patients with fixed partial dentures (FPDs) and, consequently, many dental professionals have witnessed this phenomenon. 2 In recent years, the esthetic demands of patients have substantially increased, and discoloration of visible gingiva represents a considerable issue in prosthetic dentistry. In most cases, gingival discoloration (GD) has been observed after final cementation of fixed prosthetic restorations, and its presence negates any positive effect of using highly esthetic materials in dental prosthetic therapy. Gingiva pigmentation was found even in the case of a tooth treated by cast post-and-core made of silver alloy covered by a polymeric crown. 3 The surgical removal of the stained gingiva may require a new crown fabrication, while the laser removal of gingival staining has proven somewhat successful. 4 However, every additional intervention after an already complicated and unpleasant prosthetic procedure may lead to lower patient cooperation and to reduced overall satisfaction.
In previous studies, the "amalgam tattoo" was frequently described as a clinically and histologically benign gingival condition that appeared after removal of amalgam restorations or e45 extraction of the tooth with the amalgam restoration. 5 Local tissue reactions in areas of amalgam tattoos indicate that silver and mercury released from amalgam could have inflammatory effects on nearby cells. [6] [7] [8] Analysis of the histological characteristics of discolored gingiva showed no signs of inflammatory reaction in half of the cases, whereas in the other half, nonspecific foreign body granulomas were shown. 9 Similar findings were reported in previous studies. 10 Earlier research on the effects of metal particles on local tissue was mostly conducted on alloys used in the creation of artificial hip implants. It was shown that the powder and the corrosion from these alloys may cause aseptic inflammation in the recipient's body (and a 5% loss of the total implanted artificial hips). 11, 12 Most studies concluded that artificial crowns and fixed prosthetic restorations could contribute to periodontal inflammation 13, 14 and indicated a direct relationship between tooth/restoration marginal discrepancies and periodontal inflammation. 15 The nature of dental materials and surface charges seem to influence soft debris buildup. 16 Alloy particles may lead to a granulomatous inflammatory reaction onset accompanied by accumulation of monocytes and multinucleated giant cell formation. 17 The influence of cast dowels, crowns, and Ni-Cr dust on initiation of gingival inflammatory reaction have been little studied so far. Amalgam-like tattoos are considered to be only benign alterations in gingival tissue appearance. 18 Hence, the purpose of this study was to determine the clinical characteristics of GD surrounding abutment teeth.
Materials and methods

Clinical study
The clinical study was conducted on 25 randomly selected patients (18 men, 7 women) who were referred for cast dowel and porcelain-fused-to-metal (PFM) restorations. Patients with any systematic chronic disease or local conditions were not included in the present study. All study participants provided voluntary informed written consent prior to study enrollment, which was approved by the ethical committee of our institution.
Gingival discoloration was defined as a localized, flat, pigmented area of variable dimensions that differed from the surrounding tissue in the degree of pigmentation and tissue surface texture. Two specialists (a prosthodontist and a periodontist) clinically assessed GD. Both had to verify separately the presence of GD around the abutment teeth.
All study participants had more than one cast dowel restoration: 17 patients had 2 cast dowels, 5 patients had 3 cast dowels, and 3 patients had 4 cast dowels and fixed prosthetic restoration. In total, there were 61 cast dowels and PFM crowns. The metal substructure alloy used was Remanium CSe (Dentarum, Ispringen, Germany). It was made from the following metals listed according to their mass percentages: Ni 61%, Cr 26%, Mo 11%, Si 1.5%, and other elements present in less than 1%: Fe, Co, and Al.
Before fabrication of cast dowels and PFM crowns, the teeth were divided into two groups: group 1: teeth indicated for cast dowels and PFM crowns (n = 61); group 2: control group (CG), which included symmetrical teeth positioned in the opposite side of the jaw (n = 61). Subsequently, group 1 was divided into two subgroups 90 days after cementation of the PFM crowns based on the presence/absence of GD. GD-the group of teeth that had cast dowels, PFM crowns and gingival discoloration (n = 25); NGD-the group of teeth that had cast dowels and PFM crowns, but did not have gingival discoloration (NGD) (n = 36). Only patients who had at least one abutment tooth with GD and at least one abutment tooth with no GD were included in the final analyses.
The following clinical parameters were assessed by a single clinician at two time points. The measurements were taken before tooth preparation for cast dowels and crowns (day 0) and 90 days after cementation of the crowns.
Periodontal index recording
The data for plaque index (PI) (plaque amount on teeth), gingival index (GI) (signs of inflammation), clinical attachment level (CAL), and the periodontal pocket depth (PPD) were collected and recorded on a special data-recording sheet. The periodontal exam was conducted on all teeth included in the present study, using a graduated Williams periodontal probe (CPITN: U.S.).
Plaque index
The oral hygiene level was determined using the Silness-Lou PI 19 and was scored with a grade from 0 to 3. The thickness of the dental plaque was determined on the gingival third of the crown on the facial and lingual surfaces as well as the facial and lingual aspects of the mesial and distal surfaces of all teeth included in the study.
Gingival index
Gingival inflammation was determined using the Lou-Silness GI on four sides (mesial, distal, buccal, oral) of each examined tooth. 20 Color change, surface texture, swelling (edema), and gingival bleeding were determined after a light probe contact and scored with a grade from 0 to 3.
Clinical attachment level
The CAL was defined as the distance between the enameldentin junction to the bottom of the gingival sulcus or the periodontal pocket. It was measured on the four tooth surfaces (mesiobuccal, distobuccal, mesiolingual, and distolingual) using the graduated periodontal probe. The probing was done with minimal pressure and trauma on the gingival sulcus to the nearest millimeter. Assessment of the CAL before the fabrication of fixed prosthetic restorations was not considered valid if the enamel-dentin junction was unclear due to the presence of any kind of tooth fillings or could not be identified for any other reason. After cementation of the PFM crowns, the CAL was calculated by measuring the distance between the apical end of the crown and the bottom of the gingival sulcus or the periodontal pocket.
Periodontal pocket depth
The PPD was defined as the distance between the bottom of the periodontal pocket and free gingival margin. . CG, the control group (teeth on the opposite side of the jaw located in the same position); NGD, the group of abutment teeth that had no surrounding gingival discoloration; GD, the group of abutment teeth that had surrounding gingival discoloration. #p ࣘ 0.05 vs. NGD; **p ࣘ 0.01 vs. CG.
tooth: the buccal, lingual, mesial and distal, and the values were recorded and presented in millimeters.
Statistical analysis
Sample teeth (control and treated group) belonged to the same patients. The strength of the study should be 80% (0.8) minimum and error probability type one (α = 0.05). Based on the data from available literature, 21 moderate effect differences (15%) among groups can be expected (effect size = 0.3). To prove a statistical significance level of p < 0.05, it was necessary to have at least 94 samples. Calculations were done using the Wilcoxon test with assistance of commercially available GPower 3.1 program. Results of measurements after 90 days were calculated as percentage of change based on baseline (day 0) value. These values were used for multiple comparisons between groups.
The mean values of the assessed indexes were calculated for each examined tooth as well as for each group of teeth. The comparisons of observed values were done using one-way ANOVA test (post hoc Tukey test), except in cases when the results were unevenly distributed when the Kruskal-Wallis test (post hoc two-sample Mann-Whitney U-Test) was used. The correlation between the PI, GI, CAL, and PPD was verified using Pearson's Correlation Coefficient. SPSS v17.0 for Windows (2007, StatSoft Inc., Tulsa, OK), was used for all statistical analyses. P-values less than 0.05 were considered statistically significant.
Results
Following the exclusion of participants who either did not fulfill the inclusion criteria or were lost to follow up, the total number of patients followed in the present clinical study was 25. The total number of teeth examined was 122 (61 abutment teeth [GD = 25, NGD = 36], 61 control teeth). The average age of patients was 37 years. Prior to fabrication of the fixed prosthetic restorations, significantly greater GI (Fig 1), CAL (Fig 2) , and PPD (Fig 3) were observed in the group of abutment teeth that had GD in comparison with the group of abutment teeth in the NGD group and the control group. . CG, the control group (teeth on the opposite side of the jaw located in the same position); NGD, the group of abutment teeth that had no surrounding gingival discoloration; GD, the group of abutment teeth that had surrounding gingival discoloration. **p ࣘ 0.01 vs. CG; ***p ࣘ 0.001 vs. CG.
Plaque index
There was no statistically significant difference between the GD and NGD groups considering the PI values. The PI was lower 90 days after the final cementation in comparison with day 0 (0.46; 0.71, and 0.70, CG, GD, and NGD groups, respectively). At the same time, the teeth that had fixed prosthetic restorations showed a reduced PI (0.42, GD and NGD groups) in comparison to the CG (0.46), observed on the 90th day (Fig 4) .
Gingival index
Before fixed prosthetic restoration fabrication, the GI in the GD group was higher (1.11) compared to the NGD group (0.77) (statistically significant) and the CG (0.85), while the NGD GI was significantly lower in comparison with the GI in the CG group. Measurements made 90 days after the final cementation of the FPRs showed reduced values of GI in the CG (ß12%) and the GD (ß25%), and increased values of GI in the NGD (ß42%), compared to the initial values (Fig 1) . Intergroup comparison of mean and standard deviation values of plaque index scores before (day 0) and after cementation of the crowns (day 90). CG, the control group (teeth on the opposite side of the jaw located in the same position); NGD, the group of abutment teeth that had no surrounding gingival discoloration; GD, the group of abutment teeth that had surrounding gingival discoloration. No significant difference was found between the experimental groups (p > 0.05).
Clinical attachment level
Before fixed prosthetic restoration fabrication, the CAL was higher in the GD (1.87 mm; statistically significant) and the NGD groups (1.66 mm) than in the CG (1.52 mm). CAL values were rising up to the 90th day following the final cementation of the FPRs, when an increase in CAL was detected in the NGD (ß11%) and the GD (ß7%) groups, in comparison with the initial values. At the same time, the observed value of CAL in the CG was lower (1.52) compared to the values before the fabrication of fixed prosthetic restorations (Fig 2) .
Periodontal pocket depth
The PPDs before the construction of the fixed prosthetic restoration were significantly higher in the GD (2.25 mm; statistically significant) and the NGD groups (1.91 mm), in comparison with the CG (1.63 mm). The PPD in the NGD group exhibited a statistically significant increase (2.93 mm) 90 days after cementation of the FPRs compared to the GD (2.61 mm) and CG groups (2.13 mm). Moderate, but still statistically significant, increase was observed in the GD group compared to the CG. It should be noted that on the 90th day following cementation of the fixed prosthetic restorations, the PPD increased in all three groups compared to their initial values. In the CG, it increased by 21.92%, in the NGD group by 49.33%, and in the GD group by 12.22% (Fig 3) .
Discussion
Many different materials (metals, composite resins, cements, and acrylates) have been used in the fabrication procedures or as ground materials for crowns and FPDs. 22 Among these materials, it is often difficult to establish which ones are responsible for pathologic reactions to the surrounding tissues. The same type of alloy for the fabrication of cast dowels and FPRs was used in this study. In this way, the possible electrochemical interaction of different metals and the development of corrosion as one of the causes of gingival discoloration were eliminated. 3 Gingival discoloration usually has occurred as a result of the accidental displacement of metal particles into the oral mucosa during dental treatments that involved amalgam or by direct contact between tissue and dental amalgams. Surprisingly, despite the high prevalence of these lesions among the general population, information in the dental literature is rather scarce.
Earlier studies have shown that the presence of artificial crowns could stimulate gingival inflammation.
14 However, to the best of knowledge, the periodontal health status before and after cementation of FPRs had not previously been examined. In an attempt to clarify this issue, the main objective of this research was to examine periodontal status before and after the cementation of FPRs by using periodontal indices frequently used in daily clinical practice. Periodontal disease was characterized by the presence of gingival inflammation, apical movement of the clinical attachment level and the presence of periodontal pockets; hence, these particular clinical parameters were used for the assessment of the degree of periodontal disease.
Plaque index determination was important because dental plaque provides the medium for bacterial growth and initiation of periodontal disease. Results regarding PI values showed no difference between the GD and NGD groups. Ninety days after the cementation, a lower PI in the abutment teeth in comparison with the CG was observed. These results concurred with the earlier findings of Morris, who had investigated several alloys (gold- They also showed no significant difference in plaque accumulation between the different types of alloys used in this study. 23 On the other hand, Chan and Weber described a gradual plaque formation. They noted that the lowest amount of plaque build-up was present on ceramic (Cerestor) fixed prosthetic restorations, and a greater accumulation was observed on PFM restorations, natural teeth, and gold crowns. Acrylic veneers exhibited the greatest degree of plaque accumulation. 16 Plaque retention depended on the following factors: the presence of marginal congruity between the crown and the abutment teeth (marginal gap), crown morphology, the location of the crown in the dental arch and the mouth, whether the patient was left-or right-handed, the determination of the patient to maintain oral hygiene, the quality of tools used to maintain the oral hygiene, etc. 15 Based on the results of this study, the reduction of PI values could be due to improved oral hygiene maintained by the patients as a result of frequent dental visits and a notification that the study they were participating in would include dental plaque assessment. The reduced accumulation of dental plaque on the PFM crowns lowered the incidence of gingival inflammation, which was initiated by bacteria and their byproducts (pH change and enzymes) in dental plaque.
GI was used to register and evaluate inflammatory changes in gingiva. The most intriguing results were obtained in the GD group. Namely, the GI was higher before the fabrication of the crowns than 90 days after the cementation. A higher GI and a worse periodontal status prior to tooth preparation could increase the chances of gingival injury during the preparation and facilitate the implantation of the metallic dust from alloys, which could consequently result in GD. At the same time, the GI in the NGD group increased during the 90-day time period in comparison to the GI value before fixed prosthetic restoration fabrication. Also, it was statistically higher than in the GD and CG groups for the same period. One of the possible explanations for this result could be the fact that, during the abutment tooth preparation, Ni-Cr particles were implanted in the surrounding tissues and caused a foreign body reaction (FBR). Similar findings were displayed during the implantation of amalgam particles, which were capable of inducing FBR (known as "amalgam granuloma"). Wide histomorphologic spectrum of tissue response to dental amalgam was described. Amalgam may be present in the tissues as numerous discrete fine granules or as irregular solid fragments of various sizes. It has been shown that amalgam particles can be found dispersed in the subepithelial connective tissue (within phagocytic cells and fibroblasts) and sometimes in the walls of vessels. There was usually no tissue reaction detected in the lesions containing only granules of amalgam. In the lesions containing both granules and fragments, various cellular reactions, ranging from an acute inflammatory response (larger amalgam particles) to a chronic form of a FBR, could be observed. The inflammatory response was usually mild to moderate. Sometimes it had no specific architecture but it often takes the form of a granuloma of the foreign body type ("amalgam granuloma"). [6] [7] [8] 10 For CAL, this study probed the apical edge of the crown after the cementation, instead of the dentin-enamel junction as a reference point. During tooth preparation, dentin-enamel junction was often lost and covered once a crown was cemented, thus a proper anatomical CAL measurement was not possible. The finish line of all teeth used in this study was placed subgingivally. Some studies have shown that the subgingival margin placement (i.e., the cementation of crowns subgingivally), stimulated gingival inflammation. 18 The proof for this came from the detection of increased GI, PI, CAL, and the amount of gingival sulcus fluid. 13 Another study showed that the margin location had a limited effect on periodontal health, but a rigorous regulation of the patients' oral hygiene was performed.
14 In this study, all participants had at least one tooth in every group (GD, NGD, CG), implying that oral hygiene was the same for those teeth and depended only on the personal habits of each patient. Therefore, a conclusion was made that the finish line location had no influence on the level of gingival inflammation in any of the investigated groups. Ninety days after the cementation of the crowns, in both study groups (GD and NGD), the CAL increased in comparison to the initial values, with a higher value recorded in the GD group; however, the bottom of the gingival sulcus or the periodontal pocket progressed and moved more apically in the NGD group (0.16 mm) than in the GD group (0.13 mm).
PPD measurements in this study showed higher values in the GD group before the fabrication of the fixed prosthetic restorations in comparison with the NGD and CG. This finding clearly indicates that some teeth were not completely ready for prosthetic rehabilitation. PPD values measured 90 days after the cementation were higher in all three groups in comparison with the initial values. Both NGD and GD group showed higher PPD values when compared with the CG. This outcome could be a result of the following factors: apically overextended crowns, an inadequate congruence between the finish line and the apical portion of the crown, or more difficulty accessing subgingival surfaces in order to maintain proper oral hygiene. It was important to note that there were no complaints made by patients concerning the quality of dental restorations or reports of difficulties with maintaining oral hygiene throughout the study. When compared with the initial PPD values, the PPD increased more in the NGD group (1.02 mm) as opposed to the GD group (0.36 mm). The presumption is that this result followed the possible gingival healing process in the GD group after the change in its structure and volume due to the preparation of abutment teeth for fixed prosthetic restorations. The clinical attachment level of the gingiva and the free gingiva up to the gingival margin were subjected to significant structure alterations during the preparation of the abutment teeth for the fixed prosthetic restorations. High-speed dental burs, gingival retraction fluids, and precision impression taking could cause a serious gingival trauma and an irreversible injury to the periodontal attachment apparatus. The preparation for fixed prosthetic restorationss in dentistry is one of the most invasive procedures and leaves little space for mistakes.
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Conclusions
Based on the results of this investigation, the following conclusions could be drawn:
1. The level of trauma caused by placing fixed prosthetic restorations on abutment teeth differed in GD and NGD groups. All of the measured periodontal parameters before cementation of fixed prosthetic restorations on teeth with gingival discoloration were worse than in those teeth that had no gingival discoloration. This condition could result in gingiva being more traumatized during abutment tooth preparation, accompanied with prolonged gingival bleeding and a greater possibility for implantation of alloy dust into the gingival tissue ( Figs 5 and 6 ). 2. A periodontal rehabilitation was needed as a preparatory step before a prosthetic treatment. 3. It was important to secure a healthy epithelial junction and undamaged free gingiva during fixed prosthetic restoration fabrication, as these were the most sensitive structures and were most frequently injured during abutment tooth preparation.
